Abstract-Contrast enhancement is an emerging method for image enhancement of specific application to analyze the images clearer for interpretation and analysis in the spatial domain. The goal of Contrast enhancement is to serve an input image so that resultant image is more suited to the particular application. Images with good steps of grays between black and white are commonly the best images for the aim of human perception, a novel approach is proposed in this paper based on fuzzy logic. Mamdani fuzzy inference system models are developed to enhance the contrast of images based on different membership functions (MFs).
I. INTRODUCTION
Image enhancement technique is a process that gives an output image which is more suitable for analysis of a specific application like Medical, Satellite images, Military, Print Media. It is broadly classified in two categorize, spatial domain and frequency domain. In Frequency domain, image enhancement is mainly based on Fourier transform and the Spatial domain is based on pixels manipulation of an image. Due to fast computation, efficiency, and less processing resources, spatial domain technique is more suitable as equivalence to other methods. Image enhancement has classified in the spatial domain as brightness control, contrast enhancement, noise reduction and edge enhancement. Apart from other methods, contrast enhancement method is used to remove noise and contrast improvement from given image to enhance the image for faster interpretation and analysis.
Image enhancement methods are also known as Contrast enhancement methods, which is mainly used three basic types of functions negative and identity transformation, log and inverse-log transformation, and nth power and nth root transformations. These functions are used to remove noise, improve visibility and increase contrast to enhance the image for proper analysis and interpretation [5, 6] .
In spite of these two domains, one more domain has been described recently to enhance images in various enhancement applications which are known a fuzzy domain. A fuzzy domain is based on fuzzy sets of fuzzy logic methods. Fuzzy logic methods able to handle vague and unclear difficulties by using expert knowledge and represent knowledge as a powerful tool to mimic human reasoning. Fuzzy sets are used to make rules to make machine just like as human perception [7, 8] . Fuzzy contrast technique is used for better enhancement of images without increasing the noise which is present in input image [9] . This method is also applicable to low contrast images [10] . This kind of fuzzy techniques based on fuzzy rule-based model also known as IF-THEN rules by using different membership functions [11] . Enhancements of images are also effective and flexible by using fuzzy sets in fuzzy rule-based techniques [12] .
Two types of fuzzy inference system (FIS) models are presented to better determine the image contrast enhancement of gray-scale image based on attributes such as the number of IF-THEN rules, different membership functions (MFs), fuzzy contrast factor [13, 14, 15] .
In Fuzzy Theory, there are two types of available fuzzy Rule-based models namely non-additive and additive rule model. The non-additive rule based model is also known as Mamdani fuzzy inference system (Mamdani FIS) while additive rule based model is known as Takagi-Sugeno fuzzy inference system (Sugeno FIS) [2, 3, 4] . The main differences between these two FIS are as follows. (i) Sugeno FIS requires less number of rules as compared to Mamdani FIS, (ii) the computation required for defuzzification would be less in Sugeno FIS than Mamdani FIS because output membership function is not used in Sugeno FIS during defuzzification and the resultant output would be weighted average.
Sugeno FIS uses simple IF-THEN rules and incorporates these rules based on human reasoning rather than a complex mathematical model. Thus, Mamdani FIS is widely used due to intuitive nature of rule base. input values are obtained from given input image and it is then converted into fuzzy values using the input MFs [1] . Followings are the generalized MFs used in this paper. 
II. FUZZY RULE BASE FIS DESIGN
The fuzzy contrast factor plays an important role in the enhancement of contrast for low contrast images. Here challenges are the use of the potential of fuzzy rule-based approach and different MFs for the analysis of the image using Mamdani FISs.
Fuzzy rule base will be a fuzzy partitioning for input and output domains. These rules base would be generated automatically utilizing the available local image-specific information. Major headings should be typeset in boldface with the first letter of important words capitalized.
III. EVOLUTION AND PERFORMANCE ATTRIBUTES
In Contrast enhancement technique quality of images can be different as per human perception. Here a description of different quality attributes has been given. On the basis of these quality attributes we can compare the better appearance of images.
Various performance attributes are following:
A. Mean Square Error (MSE)
∑ ∑ ( ) -( )(1)
B. Peak Signal-To-Noise Ratio (PSNR)
PSNR = 10 ( √ )(2)
C. Index of Fuzziness (IOF)
Where d(A, Ã) denotes between fuzzy set A and its nearest ordinary set Ã.
Here we have taken four different cases in which different combinations of membership functions are selected. On the basis of different quality values shown in all tables, image quality will be better for the higher value of PSNR and a smaller value of MSE. For evaluations, given input images are shown in figure (1) and their results are given in tables 1, 2, 3, and 4.
IV. EXPERIMENTAL STUDIES
Here four cases are taken on the basis of multiple membership functions of FIS. Following input images are taken for evaluation of result: 
B. CASE 2
This case is based on fifteen combinations of Sigmoid shaped membership function and Gaussian membership function. Below figure (3) 
C. CASE 3
This case is based on nineteen combinations of Sigmoid shaped membership function and Gaussian membership function. . Below figure (4) 
D. CASE 4
This case is based on Twenty-six combinations of Sigmoid shaped membership function and Gaussian membership function. Below figure (5) On the basis of above statistics, we can compare quality and contrast of images. Higher the PSNR and lower the MSE value shows the better contrast of images. Index of fuzziness (IOF) gives indistinctness present in an image. The lower value of the index of fuzziness will proceed for better enhancement.
V. RESULTS AND DISCUSSIONS
On the basis of images and graph, following observations show the comparison and clearly gives the visual aspect of images. 
VI. CONCLUSIONS AND FUTURE WORK
This paper demonstrates a combination of multiple membership functions to optimize contrast enhancement of input image and produced an output image with better contrast as compared to the input image. Results and analysis show that FIS is a power tool for presenting the image in a better way. As a future scope more combination of membership functions introduced for better analysis and enhanced image. 
